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1. Introduction

Parton distribution functions (PDFs) are the probability of finding a quark or a gluon (parton)
in a proton with a certain momentum fraction at a given energy scale. PDFs of the proton are
extracted from a global analysis on deep inelastic data and hard scattering processes [1–11]. New
measurements made at the Hadron Colliders can improve PDFs for high precision studies.

Top-quark pair tt̄ events are widely created at the Hadron Colliders so it allows experimen-
talists to measure precise inclusive and differential top quark cross sections. High precision data
of tt̄ production have the potential to provide the opportunity to examine the perturbative QCD
predictions and gain direct information on the gluon distribution at large momentum fractions (xB)
about 0.1-0.5 [12]. In this paper we investigate tt̄ differential cross section based on QCD and the
results are also compared to the data that released by D0 from Fermilab Tevatron Collider with
various PDFs using DiffTop [13]. Moreover, we present our predictions for the tt̄ differential cross
sections at the LHC at

√
s = 7,13 TeV.

2. Top quark cross sections

The top quark is one of the strangest predictions of the Standard Model in particle physics.
The top quark is an interesting subject of study because of two reasons. The first one is the huge
mass of the top quark, which is about the same mass as an atom of Tungsten and the second one is
it’s decaying before hadronization. It is also of crucial importance in searches for signs of physics
beyond the Standard Model. Recently, measurements declared that the Higgs boson mass is in this
range 120 < MH <135 GeV, consequently the Higgs boson sector is twisted with the top quark
physics.

The inclusive cross section for the tt̄ production can be calculated with the computer programs
Top++ [14] and Hathor [15]. The top quarks cross section in these programs are established in
the on-shell approximation. The NLO calculations for top quark cross section where the final-state
of top quarks decay into pairs of W bosons and b quarks can be found in Refs. [16–18]. Precise
measurements of differential cross section of tt̄ same as its inclusive cross section are beneficial
for the comparison of QCD predictions with the data and phenomenological analyses. Available
differential distributions are invariant mass distribution of tt̄, transverse momentum, and rapidity
distributions of the top quark or tt̄. The QCD NLO calculations for total and differential cross sec-
tions of tt̄ can be calculated with numerical codes MCFM [19], MC@NLO [20], POWHEG [21],
and MadGraph/MadEvent [22, 23]. The NNLO approximation for tt̄ differential cross section is
implemented in DiffTop computer program [13]. In this code, calculations have established in the
single-particle inclusive (1PI) kinematic for heavy-flavor production at the hadron colliders. Fur-
thermore, because the lack of exact NNLO corrections for tt̄ differential cross sections and to reach
results beyond the NLO approximation, techniques of logarithmic expansion in QCD threshold re-
summation [25,26] are implemented in this code. The threshold resummation technique utilize the
logarithmic terms expansion of cross section to simplify cross-section calculations for higher order
approximation beyond the NLO. So, this technique provides more facilities for phenomenology
studies.
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3. Results and conclusion

In this work, we use DiffTop package to study the predicted distributions of top-quark trans-
verse momentum generated by using different PDF sets such as CT10 [2], MSTW [3] and NNPDF
[4] and compare to the recent measurements by D0 collaborations [24]. The production of top
quark-antiquark pairs tt̄ at the Fermilab Tevatron Collider is dominated by the quark-antiquark qq̄
annihilation process. The results of our comparison are illustrated in Fig. 1. According to this
figure, the results are almost in a good agreement with D0 data. On the other hand, results related
to different PDF sets are relatively close together, specially for the transverse momentum more
than about 200 GeV and less than 25 GeV are quite the same. The only area which the results are
clearly different is in the vicinity of 70 GeV. In this area, the CT10 PDFs give a better description
of the data.

In addition in Fig. 2 the prediction for the tt̄ differential cross section at the LHC at
√

s = 7,13
TeV for various PDF sets are indicated.
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Figure 1: The comparison of top quark differential cross section in pp̄ collisions at
√

s = 1.96 TeV [24] as
a function of the transverse momentum using various PDFs, CT10 [2], MSTW [3] and NNPDF [4]. These
cross sections are calculated at the NNLO approximation in QCD using DiffTop package [13].
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Figure 2: The prediction of top quark differential cross section in pp collisions at
√

s = 7 TeV and
√

s = 13
TeV as a function of transverse momentum using various PDFs, CT10 [2] and NNPDF [4]. These cross
sections are calculated at the NNLO approximation in QCD using DiffTop package [13].
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